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Refinement 

R[F 2 > 2a(F 2 )] = 0.037 

wR(F 2 ) = 0.090 

S = 1.05 

4889 reflections 

395 parameters 



258 restraints 

H-atom parameters constrained 
Ap max = 0.56 e A~ 3 
A/> mi „ = -0.39 e A~ 3 
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Key indicators: single-crystal X-ray study; T = 200 K; mean cr(C-C) = 0.005 A; 
disorder in solvent or counterion; R factor = 0.037; wR factor = 0.090; data-to- 
parameter ratio = 12.4. 

The homoleptic thioether title complex, [Ni(C 6 H 12 S 3 ) 2 ]- 
(BF 4 ) 2 -2CH 3 N0 2 , shows the expeced hexakis(thioether) octa- 
hedral environment around the Ni 11 atom. It crystallized as 
two crystallographically independent complex cations, 
[Ni(9S3) 2 ] 2+ (9S3 = 1,4,7-trithiacyclononane), within the unit 
cell where each Ni lies on an inversion center. In addition to 
the complex cations, there are two crystallographically 
independent BF 4 ~ anions present to balance the charge, and 
each shows disorder along a pseudo-C 3 axis with ratios of 
0.53 (2):0.47 (2) and 0.55 (2):0.45 (2). Two nitromethane 
solvent molecules per complex cation are also present in the 
unit cell. 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and local programs. 
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Bis(l,4,7-trithiacyclononane)nickel(II) bis(tetrafluoridoborate) nitromethane disolvate 
J. P. Lee, G. J. Grant and B. C. Noll 

Comment 

The coordination chemistry of 1,4,7-trithiacyclononane (9S3) has been well studied both by us as well as other groups (Grant 
et al, 1991; Helm et al, 2005; Helm et al, 2006; Setzer et al, 1990; Setzer et al, 1983; Cooper et al, 1990; Blake et al, 
1990). The three sulfur atoms of the 9S3 ligand have been calculated to be all endodentate in the lowest energy conformation 
of the free ligand (Glass et al., 1980). The endodentate nature of the sulfur atoms of 9S3 provides facile facial coordination 

to metal centers, and 9S3 has been complexed, in a bis-homoleptic fashion {i.e., [M(9S3)2] n+ }, to 26 transistion metals ions 
to give a total of 72 different structures in a recent search of the Cambridge Structural Database (Allen, 2002; Release with 
Feb. and May 2011 updates). The complex, bis(l,4,7-trithiacyclononane)nickel(II) tetrafluoroborate, has been previously 
synthesized and characterized, which includes a single- crystal X-ray crystal structure where the crystals were obtained 
from ethanol evaporation with exclusion of any solvent in the structure (Setzer et al., 1983). In addition, the structure of the 

dication [Ni(9S3)2] has been crystallographically characterized using a number of different anions (Blake et al, 2007; 
Blake et ah, 2001; Nishijo et al, 2003; Nishijo et al, 2004; Blake et al, 1992). Herein, we wish to report the structure of the 
coordination compound bis(l,4,7-trithiacyclononane)nickel(II)bistetrafluoroborate dinitromethane solvate to include with 

2+ 

the previously reported [Ni(9S3)2] complexes. 

As can be seen in Figure 1, the title complex displays the expected hexakis (thioether) octahedral geometry around the 

Ni 11 center where each 9S3 ligand is coordinated to the face of the octahedron. Interestingly, the title complex crystallizes as 

two crystallographically independent complex cations within the unit cell where each Ni 11 cation lies at the inversion center 
(Figure 2). In addition, both the tetrafluoroborate anion and nitromethane solvate crystallize as two crystallographically 

2+ 

independent anions and solvent molecules, respectively. Out of the seven crystallographically characterized [Ni(9S3)2] 

complex cations this is the first example where the unit cell contains two crystallographically different complex cations. 

2+ 

Packing within the monoclinic crystal lattice shows a face-centered array for the [Ni(9S3)2] dication to give a total of four 

[Ni(9S3)2] complex cations within the unit cell. Both the BF4" anions and the nitromethane solvate molecules occupy 

four locations on the face and four locations within the unit cell to give a total of eight BF4" anions and eight nitromethane 
solvate molecules. Thus, the molecular formula is [Ni(9S3)2][BF4]2-2CH3N02- 

Setzer et al. have published the structure of [Ni(9S3)2][BF4]2 that was crystallized from ethanol, and was solved in the 
same space group {P2\lc) and approximately the same Rl (0.03) as the title compound (Setzer et al, 1983). However, there 
are several differences between the previously reported structure of the title complex crystallized from ethanol versus that 
reported herein from nitromethane. Most notably is the presence of two crystallographically different complex cations. This 
is likely due, at least in part, to differences in crystal packing in the two different solvents. Secondly, the incorporation of 
solvent in the crystal lattice is unique to this system, but not unprecedented for crystal growth of similar structures from 
nitromethane (Helm et al, 2006; Grant et al, 2005). Lastly, there is a difference in the tetrafluoroborate anions in the 
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structures. In the original report (Setzer et al. , 1 983), no disorder was observed in the BF4" anions compared to the compound 
shown in Figure 2 where disorder in the B-F bonds along a C3 axis is observed. Again, this could be attributed to different 
crystal packing in the two different solvents; however, temperature effects cannot be discounted as data collection on the 
Bruker SMART X2S was done at 203 K. 

Experimental 

Bis(l,4,7-trithiacyclononane)nickel(II) bistetrafluoroborate dinitromethane solvate was synthesized as previously reported 
(Setzer et al., 1983). Violet needle-like crystals were obtained by slow diffusion of diethyl ether into a concentrated CH3NO2 
solution of the title complex. 

Refinement 

All hydrogen atoms were set to calculated geometries and allowed to refine on the positions of the parent atoms. 

Structure refinement revealed disorder in the BF4 anions. In each case there is rotation about a B — F bond, which creates 

alternative sites for the remaining F atoms. The B — F distances as well as the F F distances were restrained to be equal within 
0.02 A. The model contains 174 such restraints. This disorder also manifests itself in the anisotropic thermal parameters of 
the F atoms. The Uy components were restrained to approximate isotropic behavior. In all, 258 restraints were applied. 



Figures 




Fig. 1 . Thermal ellipsoid perspective (50% probability) showing one complex cation. Hydro- 
gen atoms have been omitted forclarity. 



Fig. 2. Thermal ellipsoid perspective (50% probability) showing all crystallographically inde- 
pendent complex cations,anions and solvate molecules. Hydrogen atoms have been omitted 
for clarity. 



Bis(1,4,7-trithiacyclononane)nickel(ll) bis(tetrafluoridoborate) nitromethane disolvate 



Crystal data 

[Ni(C 6 H 12 S3)2](BF 4 )2-2CH 3 N02 
M r = 715.09 



^(000) = 1464 
D x = 1.721 Mgm 
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Monoclinic, Fl\lc Mo Ka radiation, X = 0.71073 A 

Hall symbol: -P 2ybc Cell parameters from 241 reflections 

a = 9.1755 (18) A 9 = 2.8-26.2° 

ft = 19.825 (4) A n= 1.24 mm" 1 

c= 15.173 (3) A T=200K 

(3 = 90.88 (3)° Needle, violet 

K= 2759.6 (9) A 3 0.40 x 0.20 x 0.10 mm 

Z=4 



Data collection 



Bruker SMART X2S benchtop crystallographic sys- 
tem 

diffractometer 

Radiation source: sealed tube 
graphite 

Detector resolution: 8.3330 pixels mm" 1 

thin-slice co scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 2004) 

r min = 0.371, T max = 0.941 

25688 measured reflections 



4889 independent reflections 

3855 reflections with / > 2o(7) 
R int = 0.054 

9max = 25.3°, 0 m i n = 1.7° 

/i = -10^10 
k = -23^23 
/= -18^18 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.037 
wR(F 2 ) = 0.090 
S= 1.05 

4889 reflections 
395 parameters 
258 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F D 2 ) + (0.0364P) 2 + 1.8397P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap m ax = 0.56 e A~ 3 
Ap m i„ = -0.39eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



sup-3 



supplementary materials 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


J J. *//"7" 

^iso ' ^eq 


Nil 


1.0000 


0.5000 


0.5000 


0.027H (14) 


SI 


0.74469 (9) 


0.49669 (4) 


a £~ "t 1 o 1 / 1^ \ 

0.53181 (6) 


r\ An/ 

0.0376 (2) 


S2 


0.96856 (9) 


n /;i iaa (A \ 

0.61209 (4) 


A A All /C\ 

0.44732 (5) 


a m*7A 

0.0370 (2) 


S3 


1.03907 (9) 


A C A c r\ C / A \ 

0.54595 (4) 


0.64348 (5) 


0.0355 (2) 


CI 


A /- r> a f\ / a \ 

0.6840 (4) 


A C f A 1 fW 

0.5643 (2) 


A A i^ /"\ ^\ 

0.4602 (2) 


r\ r\ a r ci i r\ \ 

0.0458 (9) 


H1A 


0.6825 


0.5474 


a TAOO 

0.3988 


0.055* 


H1B 


0.5826 


0.5760 


0.4754 


0.055* 


C2 


0.7751 (3) 


0.62848 (19) 


i-i a y i c 

0.4635 (2) 


r\ r\ a a ci /ci\ 

0.0448 (8) 


H2A 


0.7623 


0.6506 


0.5213 


0.054* 


H2B 


0.7396 


0.6599 


0.4172 


0.054* 


C3 


1 AT r 1 / A \ 

1.0551 (4) 


0.65842 (18) 


0.5360 (2) 


0.0447 (8) 


H3A 


l .1620 


0.6541 


0.5303 


0.054* 


H3B 


1.0303 


0.7068 


0.5291 


0.054* 


C4 


1 A1 1 A / A\ 

1.0139 (4) 


0.63624 (18) 


0.6276 (2) 


r\ a r i / ci \ 

0.0453 (8) 


H4A 


0.9106 


0.6479 


0.6378 


0.054* 


H4B 


1.0744 


0.6610 


0.6714 


0.054* 


C5 


A of r\ a / a\ 

0.8694 (4) 


A C ^tf\ C A ( 1 o\ 

0.52059 (18) 


0.6949 (2) 


(\ f\ A 1 ^ 1 /0\ 

0.042 1 (8) 


H5A 


0.8742 


0.4717 


0.7076 


0.051* 


H5B 


A o/Z 1 ^ 

0.8613 


a C A A c 

0.5445 


A HZ 1 n 

0.7519 


A AC 1 * 

0.051* 


C6 


0.7342 (4) 


0.5343 (2) 


r\ f a r\r\ 

0.6409 (2) 


0.0438 (8) 


H6A 


0.7205 


0.5836 


0.6350 


0.053* 


H6B 


A £. A 0"7 

0.6487 


0.5158 


a £n 1 /; 

0.6716 


A ACT * 

0.053* 


Ni2 


0.5000 


0.5000 


1.0000 


0.02718 (14) 


S4 


0.46860 (9) 


A z' I 1 AT / A \ 

0.61205 (4) 


1.05263 (5) 


0.0370 (2) 


S5 


0.53896 (9) 


a C A C A A ( A \ 

0.54594 (4) 


0.85648 (5) 


A AT C f C\ \ 

0.0356 (2) 


S6 


a ^ a Ail / r\ \ 

0.24477 (9) 


A A f\ f f CI / A \ 

0.49668 (4) 


0.96823 (6) 


f\ ATT/" /'W 

0.0376 (2) 


C7 


a r" r" c ^ / a\ 

0.5552 (4) 


a f r" ci i a / 1 o\ 

0.65834 (18) 


0.964 1 (2) 


0.0443 (8) 


H7A 


0.5306 


0.7067 


0.9704 


a An * 

0.053* 


H7B 


0.6622 


0.6540 


0.9716 


0.053* 


C8 


r\ C 1 A 1 / A\ 

0.5141 (4) 


0.63632 (18) 


i-i o T~\ 1 \ 

0.872 1 (2) 


A A/HI /n\ 

0.0443 (8) 


Tin * 

HsA 


0.5746 


0.6610 


A t> O A /I 

U.6294 


A A CT sfc 

0.053* 


H8B 


0.4108 


0.6481 


0.8601 


A A 1 ^ 

0.053* 


C9 


0.3690 (4) 


0.52056 (19) 


i-\ OATA /'W 

0.8050 (2) 


A A 1 /o \ 

0.042 1 (8) 


TTA A 
H9A 


A ^ C O A 

0.3584 


A C A A ^ 

0.5443 


0.7479 


A ACAsfe 

0.050* 


H9B 


0.3735 


0.4716 


0.7924 


A a r" A ^ 

0.050* 


CIO 


A ^\ "t A 1 / A \ 

0.2341 (4) 


a r" ^i a a i /i a\ 

0.53443 (19) 


0.8593 (2) 


0.0436 (8) 


H10A 


0.1474 


0.5165 


0.8276 


0.052* 


H10B 


0.2215 


0.5838 


0.8655 


0.052* 


Cll 


0.1840(4) 


0.56433 (19) 


1.0398 (2) 


0.0456 (9) 


H11A 


0.0821 


0.5758 


1.0235 


0.055* 


HUB 


0.1843 


0.5475 


1.1012 


0.055* 


C12 


0.2751 (4) 


0.62830 (19) 


1.0366 (2) 


0.0452 (9) 


H12A 


0.2419 


0.6597 


1.0829 


0.054* 


H12B 


0.2593 


0.6505 


0.9788 


0.054* 


Bl 


0.5621 (4) 


0.3228 (2) 


0.3852 (3) 


0.0454 (10) 



sup-4 



supplementary materials 



T77 


A /|771 /1\ 
U.4ZZ3 ^3 J 


0.31428 (16) 


A 1 CQ7 f)\ 

U.33VZ \Z) 


A AQ/CC (\ A\ 

u.uyoj ^iuj 




r 1 


U.04U4 ^ lj) 


0 ?fSQ0 (f%\ 

\J.Z.\jy\J y\J J 




a 1/C7 1 sq\ 
U.30Z1 {y) 


A 1 7/C SC\ 

U.1Z0 (p ) 


U.4/ yZ) 


T71 


U. J0U3 (1 3) 


0 321 6 n\ 




A A HA C /C\ 

U.4 /4j [p ) 


A AQO (A \ 

u.uyo (4) 


n An /7A 
U.4 / (Zj 


r4 


U.01 / J (loj 


0 3788 (7) 




a icon /1 7\ 
U.3 JoU {IZ) 


A 1 1Q (H\ 
U.130 y I ) 


(\ A 7 /7"\ 
U .4 / (Z J 


T7 1 ' 

r 1 


U.0JJ1 ^VJ 


0 2978 CHI 

yj . ^ j i o 1111 




a 1707 (\ ")\ 
U.3Z5Z {IZ) 


A 1 /C 1 (H\ 
U.101 y 1) 


n ^i 

U. j3 yl ) 


T71' 
rj 


A COQC /I /C~\ 

U. Joyj {10) 


0.3014(8) 




U.40J0 {€>) 


A 1 77 fc\ 

U.1Z / [p ) 


n ^i /7~\ 
U.33 (Z J 


TM' 

r4 


a con/; n i\ 


0.3911 (4) 




A lO/CO /Q\ 

UJoOo (y) 


A AAA i">\ 

u.uyu (3 ) 


n ^i (i\ 
U.3 3 (ZJ 


£5Z 


U.y3o4 (4 J 


0.6773 (2) 




U.OOJ3 yD ) 


A A/1/C/C ^1 A\ 

U.U400 {iv) 




r D 


A Q17C (~\ A\ 

U.V3 / J ^ 14J 


0.6777 (8) 




A Q7/1 1 SC\ 

U.y /41 {j) 


A 1 A7 /C\ 

U. 1UZ J 


n a ^ ^7"\ 
U.43 (Z ) 


rO 


A OOflO f1 7\ 


0.6223 (7) 




U.ojjj yij) 


A 1 1Q SQ\ 

u.i3y ) 


U.4 3 (Z J 


r / 


U.oOZU (1 Jj 


0.7319(6) 




A O/C 1 1 (\ A\ 


a 1 in //c\ 
U.13U (0 ) 


n /i c. ^7\ 
U.43 (Z J 


ro 


1 A*7*7*7 /'lA 

l.U / / / (3) 


0.68555 (16) 


a ocm 
Kj.ojyL \1) 


n no/en ( 1 n\ 

u.uyou (iuj 




TJ 


A 0.1 1*7 /'I C\ 

u.yi3 / (1 J) 


0.6977 (8) 




u.yoou \ I) 


A 1 1C ( £\ 

U.13j (0 ) 


n cc /^7\ 
U.33 (ZJ 


ro 


u.yuyj (izj 


0.6092 (4) 




A QO/CC {Q\ 

U.ooOj \p) 


n nc^. /i^ 
U.UoO (3 J 


U.j j (^Z J 


r / 


A Q/11/C (C\\ 

U.o43o (V) 


H 7fl1 1 H C\\ 
U. /UJ 1 ^ 1UJ 




U.oZv4 (1Z) 


A 1 /CI /"7\ 

U.103 (/) 


U.JJ (Z) 


XT 1 

JN 1 


\j.jy /o (J) 


0.3452 (3) 




A £LC\H 1 /1\ 

U.oy /I (3) 


A AOA/1 / 1 1\ 

U.UoU4 (13) 




Ul 


U.4/J6 (J) 


0.3253 (4) 




A /CO 1 /1\ 

U.ooZl (3) 


U.loD (3) 




<JZ 


A £7/1 0 /'OA 

U.0Z4Z (o) 


0.3969 (3) 




A 71AO fC\ 

U. / 3Uo p ) 


n 1 7Q ^i\ 
U.l /y (3 J 






A 71 77 /c\ 

U. / 1Z / (JJ 


0.3000 (2) 




A /C717 ^1\ 
U.O /3Z ^jj 


U.UO /4 (1ZJ 




ril3A 


A 71 11 

U. /133 


0.2610 




A 7 1 1 A 

U. / 13U 


n 1 m * 
U.1U1 




I I 1 TO 

ril3r5 


A OA/CC 

U.oUOJ 


0.3235 




A /C7QA 
U.O /5U 


n 1 m * 
U.1U1 






a /cn*7 1 


0.2847 




U.01Z4 


A 1 A 1 * 

U.1U1 * 




JNZ 


A AAIO /c\ 

u.yuzo ( j) 


0.6549 (3) 




a 1 n*7 1 /i\ 
U.iy/1 (3) 


A AOAO f\ 1\ 

U.UoUo (13) 




03 


0.8747 (8) 


0.6035 (3) 




0.2312(5) 


0.184 (3) 




04 


1.0248 (5) 


0.6746 (4) 




0.1823 (3) 


0.186 (4) 




C14 


0.7875 (5) 


0.7002 (2) 




0.1735 (3) 


0.0678 (12) 




H14A 


0.6936 


0.6774 




0.1803 


0.102* 




H14B 


0.7983 


0.7142 




0.1120 


0.102* 




H14C 


0.7918 


0.7399 




0.2118 


0.102* 




Atomic displacement parameters 


(A 2 ) 












U n 


U 22 


t/ 33 


u n 


U 


rr 23 
U 


Nil 


0.0251 (3) 


0.0323 (3) 


0.0239 (3) 0.0019 (2) 


r\ r\r\ i c sy\ 
U.UUlJ \Z) 


n nn 1 a a\ 

U.UU14 yZ) 


SI 


0.0277 (4) 


0.0460 (5) 


0.0393 (5) -0.0004 (4) 


0.0041 (3) 


n nn/i7 ^/i^ 
U.UU4Z (4J 


S2 


0.0370 (5) 


0.0401 (5) 


0.0340 (4) 0.0038 (4) 


0.0024 (3) 


U.UU JO ^3 J 


S3 


0.0386 (5) 


0.0403 (5) 


0.0274 (4) 0.0029 (3) 


-0.0026 (3) 


n nni7 /'i^ 
U.UU3Z (3 ) 


CI 


0.0305 (18) 


0.063 (2) 


0.044 (2) 


0.0107(16) 


-0.0046 (14) 


n nn 1 ^ n7^ 
U.UU10 {if) 


C2 


0.0359 (19) 


0.050 (2) 


0.048 (2) 


0.0160(16) 


-0.0016 (15) 


n nn/i 0^1 7\ 
U.UU4o (,1 /J 


C3 


0.049 (2) 


0.0345 (19) 


0.051 (2) 


-0.0017 (16) -0.0044(16) 


n nn7 1 /'i /c\ 
U.UUZ1 (10J 


C4 


0.054 (2) 


0.037 (2) 


0.045 (2) 


-0.0006 (16) -0.0049 (16) 


n m 17 /1 c\ 
— U.U11 / (IjJ 


C5 


0.053 (2) 


0.047 (2) 


0.0269 (17) -0.0001 (16) 0.0105 (14) 


n nn 1 7 / 1 a \ 
U.UU1Z (14J 


C6 


0.042 (2) 


0.052 (2) 


0.0376 (19) 0.0048(16) 


0.0141 (15) 


A AAA C / 1 /^ 

-U.UUUj (lo) 


Ni2 


0.0252 (3) 


0.0323 (3) 


0.0240 (3) 0.0022 (2) 


0.0000 (2) 


0.0015 (2) 


S4 


0.0371 (5) 


0.0399 (5) 


0.0339 (4) 0.0037 (4) 


-0.0006 (3) 


-0.0052 (3) 


S5 


0.0391 (5) 


0.0402 (5) 


0.0276 (4) 0.0022 (3) 


0.0043 (3) 


0.0032 (3) 


S6 


0.0276 (4) 


0.0455 (5) 


0.0396 (5) -0.0010 (4) 


-0.0022 (3) 


0.0039 (4) 


C7 


0.049 (2) 


0.0332 (19) 


0.051 (2) 


-0.0044 (16) 0.0063 (16) 


-0.0011 (15) 
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Co 


a aca f7\ 
U.UjU yZ ) 


A AT *7 

U.U3 / yZ) 


A A/1/C 

U.U40 (Z J 


ft ftft7Q (\ C>\ 

u.uuzy ^i o) 


ft ftft c. 1 (\ f.\ 
U.UUDl ^loj 


ft ftftQ^ (\ ^\ 

u.uuyo y\-~>) 




u.u4y yz ) 


A A/1 A 

u.u4y jzj 


A AOO 1 /I 7\ 

U.UZSl ^1 1) 


ft ftft 17 (\ £*\ 
U.UU1 / (loj 


ft ftft7ft (\ A \ 
U.UU /U (14J 


ft ftft71 (\ A \ 
U.UUZ3 (14J 


C1U 


ft f\AA (1\ 
U.U44 yZ ) 


A A/1 A /^)\ 

u.U4y jzj 


A AT 79 (\ Q\ 

u.uj /z (iyj 


ft ftft/1 ^ (\ 1\ 

U.UU40 yi / ) 


ft ft 1 1 1 (\ A\ 
U.U131 (14J 


ft ftft 11 (\ £*\ 
U.UU1 1 (loj 


i i 
CI 1 


A Aim (\ Q\ 

U.U3UZ ylo) 


U.U03 yZ) 


A A/1/1 n\ 


ft ftftQ^ (\ £>\ 

u.uuyj (loj 


ft ftft^^ (\ A\ 
U.UUOO (14J 


ft ftftft/i (\ n\ 
U.UUU4 yi 1 ) 


Clz 


U.U3o yZ ) 


A AC 7 /^)\ 

U.UjZ \Z) 


A A/1 C /">\ 

U.U4 J ^Z J 


ft ft 1 (\ £*\ 
U.U1 jo ^1 0) 


ft ftftl/1 (\ ^\ 
U.UU34 yi-J) 


ft ftft^Q (\ 1\ 

u.uuzy yi i ) 


D 1 


U.U4U ^Z J 


A A/1 A /Q\ 

U.U4y (3 J 


A A/1 7 /7\ 

U.U4/ yZ) 


ft ftftft7 (\ OA 

u.uuu / (lyj 


ft ftftftC (\ Q\ 
U.UUU5 yi-o) 


ft ftftft ^7A 
U.UUU yZ) 


rz 


A AC') A / 1 ,r\ 

U.UjzU (loj 


A AQ7 /7\ 

u.uy / (,zj 


a i /i a /a^ 
U.14U pj 


ft ftft77 (\ ^ 
U.UUZ / \ V5) 


ft ft771 (\ ^ 


ft fti/i i ^^Q\ 
U.U34Z (lyj 


V 1 

r 1 


A 1 TA /I A\ 

U.UU (1UJ 


A AQ1 


A 1 CQ /I 1 \ 

U.l jy (1 1) 


ft ft£7 (f>\ 

U.Uo / yo) 


ft ft77 (1\ 
\j.\jZZ y l ) 


ft ft 1 ft 
U.U1U (O ) 


T71 


A 1 7Q SH\ 

u.izy ( /j 


u. izz ^y j 


A A/1 C /C\ 

U.U4 j p J 


ft ftl^ 

U.U3j yo) 


ft ft 1 ^ (A \ 
U.U 1 0 ^4 ) 


ft ft1 1 (<\ 
u.ui 1 yj) 


r4 


n 1 7i fQ\ 
u.izj ^y j 


A 1 A C /I 0\ 

U. 14j (IzJ 


A 1 AC /I 9\ 

U.14J (IzJ 


ft ft/17 /^QA 

U.U4 / yy) 


ft ft7£ f<2\ 

U.Uzo yo ) 


ft 1 71 f\ 

U. 1Z3 yll) 


r 1 


ft ft7ft 
U.U /U {J) 


ft 7^ n ^ 

U.ZjO ^ ioj 


H 1 Aft /"1 1^ 
U.l OU ^1 1 J 


—ft ftftA ^7^ 

u.uu4 yi) 


ft ft17 

u.uj I yo) 


—ft 1 AA fM\ 
U. 144 yll) 




A 1 TO / A\ 

U.13o (yj 


A 1 1(1 /Q\ 

U. 1ZU {€>) 


u.izj (y ) 


ft ft^/1 ^7^ 

U.U04 y 1 ) 


A AC 1 (H\ 

U.Uj 1 y I) 


ft ftCI (1\ 
U.UoJ y l ) 


r4 


A AQ/1 

U.Uy4 ^0 ) 


A A*T 1 (A\ 

u.uoi y*\) 


A 1 1 C (H\ 

U.l 1 J y 1 ) 


ft ft7^ (A\ 
U.UZ J ^4 ) 


ft ftftQ (^\ 

u.uuy yj ) 


ft ftftC (^\ 
U.UUo yj ) 


£>Z 


A A/1 7 <")\ 

U.U4Z ^Z ) 


A AC A 

U.UDU (3 J 


A A/1 7 /TA 

U.U4/ (ZJ 


ft ftft7 fl\ 

U.UUZ yZ ) 


ft ftftftC (\ Q\ 

u.uuuo yi-o) 


ft ftft7 (1\ 
U.UUZ yZ ) 


r 3 


a i 70 /o\ 
U.1Z3 (5 J 


A 1 A 7 / 1 A\ 

U. 14Z (1UJ 


A A1Q /C\ 

u.ujy yj ) 


ft c\ia a\ 
U.U34 y l ) 


ft ft 1 7 f^~\ 

u.uiz yj) 


A A 1 Q /C\ 

U.Ulo yj ) 


ro 


A IOC / 1 A\ 

U. 1 Z J [i-V) 


A 1 CT /I /1\ 

U. 13Z ^ 1*+ J 


A 1 A A /I T\ 

U.14U (13J 


ft ft/1 7 /■ 1 C\\ 
U.U4 / ^ 1UJ 


ft ft71 f<2\ 

u.uz j y<$ ) 


ft 1 7ft (\ 1\ 

u. izu yiz) 


T77 

r / 


a 1 1 7 /'i r\\ 
U.13Z (1U) 


U.UOO ( /J 


ft 1 71 /1 OA 
U.l / I (IzJ 


U.Uo / ( 1) 


— U.U3U yl ) 


n nni /7\ 
U.UU3 yl) 


ro 


A act/: /i /:\ 
U.UjZO (,1oJ 


A A A Q /'>\ 

u.uyo (zj 


ft 1 Z^IA 
U.135 y3 ) 


ft ftft7ft ^1 ^A 
U.UUZU yi D) 


ft ft71ft (\ f>\ 
U.UZ3U (loj 


ft ftl/1 1 (\ Q\ 

U.U343 (iyj 


rj 


A 1 CI /Q\ 

U.l j 1 yy) 


U. 131 (oj 


ft 1 71 ^QA 

U.1Z3 (y ) 


ft ft71 ^7^ 
U.U 1 j y l ) 


ft ft^Q (1\ 
U.Ujy yl) 


ft ftQ/1 fl\ 
U.Uy4 yl ) 


ro 


A AQ/1 /C\ 

u.uy4 p j 


u.Ujy {h) 


U.1U4 yl ) 


— U.UZ3 (3 J 


(\ A1 1 ( A\ 

U.U1 1 (4 ) 


A AAA (A\ 

U.UUU yn) 


r / 


U.Uo / (jj 


A 9/1 O /I C\ 


ft 1 7C. /"I 1 \ 

U.l /j (1 1J 


ft ftft^ ^7^ 

U.UU j y 1 ) 


ft ftl^ (^\ 
U.U3 j yj ) 


ft 1 A 7 (\ 1 A 
U. 14 / yll) 


IN 1 


U.UOO [p ) 


A 1 A A //1\ 

U. 1UU 


ft ft77 

U.U 1 1 \o) 


ft ft7C l"X\ 

U.Uzo yj ) 


ft ft77 {">\ 
Kj.KjZZ yZ ) 


ft ft/11 (X\ 
U.U43 yj ) 


<J1 


U.Uj4 yj ) 


\J.J /O (1 1 ) 


ft 1 7 ^ //I A 
U.IZj (4 ) 


ft ft7Q (A\ 

u.uzy (4j 


ft ftftft (1\ 
U.UUU yZ ) 


ft ftCK 

u.uyj p J 


02 


0.275 (8) 


A A/CA 

0.060 (3) 


U.zUo (o) 


A ATA f A\ 

u.uzy (4) 


U.132 (o) 


A AAO 

0.008 (3) 


C13 


0.065 (3) 


0.071 (3) 


0.066 (3) 


0.004 (2) 


0.004 (2) 


-0.001 (2) 


N2 


0.068 (3) 


0.101 (4) 


0.073 (3) 


0.026 (3) 


-0.023 (2) 


-0.044 (3) 


03 


0.278 (8) 


0.060 (3) 


0.209 (6) 


0.032 (4) 


-0.133 (6) 


-0.008 (4) 


04 


0.052 (3) 


0.376 (11) 


0.131 (4) 


0.028 (4) 


0.002 (2) 


-0.097 (5) 


C14 


0.067 (3) 


0.068 (3) 


0.068 (3) 


0.004 (2) 


-0.003 (2) 


0.000 (2) 



Geometric parameters (A, °) 



Nil— S2 1 


2.3776 (9) 


C7— H7A 


0.9900 


Nil— S2 


2.3776 (9) 


C7— H7B 


0.9900 


Nil— S3 


2.3820 (9) 


C8— H8A 


0.9900 


Nil— S3' 


2.3821 (9) 


C8— H8B 


0.9900 


Nil— SI' 


2.3999 (9) 


C9— C10 


1.522 (5) 


Nil— SI 


2.3999 (9) 


C9— H9A 


0.9900 


SI— CI 


1.808 (4) 


C9— H9B 


0.9900 


SI— C6 


1.819 (3) 


C10— H10A 


0.9900 


S2— C3 


1.803 (4) 


C10— H10B 


0.9900 


S2— C2 


1.825 (3) 


Cll— C12 


1.520 (5) 


S3— C4 


1.820(4) 


Cll— H11A 


0.9900 


S3— C5 


1.822 (3) 


Cll— HUB 


0.9900 


CI— C2 


1.523 (5) 


C12— H12A 


0.9900 


CI— H1A 


0.9900 


C12— H12B 


0.9900 


CI— H1B 


0.9900 


Bl— F4 


1.291 (8) 


C2— H2A 


0.9900 


Bl— F3' 


1.312 (8) 
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i no 

C2 — HzB 


A AAAA 

u.yyuu 


D 1 IT 1 ' 

Bl — r 1 


1 Til IO\ 

1.321 (5) 


C3 — C4 


1.512 (5) 


ID 1 IT 1 

Bl — r 1 


1.33d (5) 


C3 — HiA 


a nnnn 

u.yyuu 


Bl — rz 


1 1 A "7 IC\ 

1.34/ (5) 


C3 H3B 


a aaaa 

u.yyuu 


Bl — r 3 


1.355 (5) 


f^A TJ A A 

C4 — H4A 


A AAAA 

u.yyuu 


Bl — r4 


1 1*7*7 IO\ 
1 .3 / / (6) 


rVl 


n qqaa 
u.yyuu 


r5Z — r o 


i .zoy ^y ) 


C5 — C6 


1.500 (5) 


B2 — F7' 


1.310 (8) 


C5 — H5A 


0.9900 


B2— F5' 


1.312 (8) 


C5— H5B 


0.9900 


B2— F7 


1.338 (8) 


C6 — H6A 


0.9900 


B2— F5 


1.348 (8) 


C6— H6B 


0.9900 


B2— F8 


1.354 (5) 


Ni2— S4" 


2.3795 (9) 


B2— F6' 


1.375 (8) 


Ni2— S4 


2.3795 (9) 


Nl— 02 


1.170 (7) 


Ni2 — S6" 


2.3846 (10) 


Nl— Ol 


1.204 (7) 


Ni2 — S6 


2.3846 (10) 


Nl — C13 


1.435 (6) 


Ni2 — S5 


2.3923 (9) 


C13 — H13A 


0.9800 


Nlz — S3 


? 3Q73 (Q\ 


n \ hi 3R 

V_. 1 J 1 1 1 JD 


U.70UU 


cm rn 
o4 CI 2 


1 0 1*7 /1\ 

1.81 / (3) 


C13 — H13C 


A AOAA 

u.ysuu 


S4 C7 


1.819 (4) 


N2 03 


1 1 74 Hi 

1.1 /I \ l ) 


S5— C9 


1.805 (3) 


N2— 04 


1.210 (6) 


S5— C8 


1.822 (4) 


N2— C14 


1.428 (6) 


S6— CIO 


1.815 (3) 


C14— H14A 


0.9800 


S6— Cll 


1.819(4) 


C 14— HUB 


0.9800 


L./ 




C14 — rl!4C 


f\ QQAA 

u.youu 


S2'— Nil— S2 


180.000 (1) 


S4"— Ni2— S4 


1 oa r\r\ / a\ 

180.00 (4) 


S2'— Nil— S3 


91.97 (3) 


S4"— Ni2— S6" 


88.28 (3) 


S2 — Nil — S3 


88.03 (3) 


S4— Ni2— S6" 


91.72 (3) 


S2'— Nil— S3' 


88.03 (3) 


S4"— Ni2— S6 


91.72 (3) 


S2— Nil— S3' 


91.97 (3) 


S4 — Ni2 — S6 


88.28 (3) 


S3— Nil— S3' 


180.0 


S6"— Ni2— S6 


180.00 (4) 


S2'— Nil— SI' 


88.82 (3) 


S4"— Ni2— S5 


91.68 (3) 


S2— Nil— SI' 


91.18 (3) 


S4 — Ni2 — S5 


88.32 (3) 


S3— Nil— SI' 


92.27 (4) 


S6"— Ni2— S5 


90.78 (4) 


S3'— Nil— SI' 


87.73 (4) 


S6 — Ni2 — S5 


89.22 (4) 


S2 S — Nil — SI 


91.18 (3) 


S4 ;i — Ni2— S5 H 


88.32 (3) 


S2— Nil— SI 


88.82 (3) 


S4— Ni2— S5 H 


91.68 (3) 


S3— Nil— SI 


87.73 (4) 


S6"— Ni2— S5" 


89.22 (4) 


S3' — Nil — SI 


92.27 (4) 


S6 — Ni2 — S5" 


90.78 (4) 


c 1 1 m; 1 c 1 
SI — Nil — M 


1 ou.u 


cc m;*> cc" 
S5 — Nl/ — S3 


1 8(1 (1(1 (d\ 

1 OU.UU ^ 


1 c 1 r^ti 

CI — SI — Co 


1 AT A 1 /1 H\ 

102.91 (17) 


C12 — S4 — C7 


1 A A At\ f \ 1\ 

104.40 (17) 


CI— SI— Nil 


98.70(12) 


CI 2— S4— Ni2 


104.10 (12) 


C6— SI— Nil 


103.71 (12) 


C7— S4— Ni2 


99.60 (12) 


C3— S2— C2 


103.14(17) 


C9— S5— C8 


102.78 (17) 


C3— S2— Nil 


100.11 (12) 


C9— S5— Ni2 


98.47 (11) 


C2— S2— Nil 


103.56 (12) 


C8— S5— Ni2 


103.58 (11) 
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P/l ci pc 
C4 — a3 — CD 


102. /4 (1 /) 


CIO — ao — Cll 


1 m 11 ( \n\ 
103.12 (1 /) 


p^i el m; 1 
C4 — a 3 — Nil 


103. /6 (11) 


CIO — ao — Nl2 


1 m Tl { 1 t\ 
lOz.zz (12) 


pc c i Mil 
CD — a3 — Nil 


nn /r/r / 1 1 \ 

yy.Do (ii) 


Cll — ao — Nii 


nn /;/: { 1 1\ 
yy.00 (12) 


pi p 1 c 1 
C2 CI — Si 


1 1 r o /1\ 

11D.8 (2) 


pn p-7 c /I 

Co — C / — a4 


1 1 c c n\ 
11D.0 (2) 


pi pi tt i a 
C2 — C 1 — H 1 A 


108.3 


pn P"7 \S5H A 

Co — C / — H / A 


1 no a 
100.4 


C 1 P 1 TT 1 A 

al — CI — HI A 


108.3 


C A P"7 TJ"7 A 

a4 — C / — H / A 


1 no a 
100.4 


P^ P 1 II 1 D 

C2 — C 1 — H 1 B 


1 no i 
108.3 


po p~7 1 1 "7 13 

Co — C / — H /B 


1 no a 
100.4 


c 1 p 1 n i d 
M — CI — HIB 


1 no i 
108.3 


c a p~7 i n o 
a 4 — C/ — H/B 


1 no a 
100.4 


TJ 1 A P 1 I I 1 13 

H1A — CI — HIB 


1 n~7 a 
1U 1 A 


TJ"7 A P"7 I I "7 13 

H /A — C / — H ID 


1 n~7 a 
10/. 4 


P 1 P^ CI 

CI — Cz — a 2 


1 1 1 A p">\ 

1 12.4 (2) 


p~7 ro cc 
C / — Co — aD 


i n | /r\\ 

112.1 (2) 


p 1 r 1 ! TJ^> A 

C 1 — Cz — Hz A 


1 nn 1 


p~7 ro tjo a 
C / — Co — HoA 


1 nn i 

ioy.2 


CT pi m A 

az — Cz — HzA 


1 nn 1 


c c ro TJO A 

aD — Co — HoA 


1 nn 1 

ioy.2 


pi pi 1 1 -) o 

C 1 — Cz — HzB 


1 nn 1 

iuy.1 


f^n ro Tjoo 
C / — Co — HoB 


1 nn 1 

ioy.2 


CO PI 1 1 ~l O 

az — Cz — HzB 


1 nn 1 

iuy.1 


cc ro tjoo 
aD — Co — HoB 


1 nn 1 

ioy.2 


TJ1 A PI I I ~> O 

HzA — Cz — HzB 


1 n~7 n 

10 /.y 


TJO A PO TJOT3 

HoA — Co — HoB 


1 n~7 n 

io /.y 


f^A pi 

C4 — C3 — az 


lie i n\ 
11D.1 (3) 


pin pn c c 
CIO — C9 — aD 


111 n n\ 

114.0 (2) 


p^i pi tji a 
C4 C3 — H3A 


1 no c 
108. D 


pin pn Tjn a 
C 1 0 — C9 — Hy A 


1 no £. 
lOo.o 


CI pi TJI A 

az — C3 — Hi A 


1 no c 
108. D 


c c pn Tjn a 

aD — cy — HyA 


1 no /: 
lOo.o 


P/1 pi U1D 

C4 — Co — H3B 


1 no £ 
108. D 


pin pn i in i3 

c i o — cy — Hy b 


1 no £. 
lOo.o 


CT pi i n D 

az — CI — HJB 


1 no c 
108. D 


c c pn 1 1 n 13 

aD — cy — HyB 


1 no /: 
lOo.o 


TJI A PI TJID 

H3A — C3 — HJB 


1 n"7 c 
10/. D 


Tjn a pn 1 1 1 1 13 

HyA — cy — HyB 


1 n~7 c 
10/. D 


pi p^i c i 
C3 — C4 a 3 


inn /T\ 

1 12.0 (2) 


pn p 1 n c c 

cy — CIO — ao 


112./ (2) 


r^i r^/i u/i a 
C3 — C4 — H4A 


1 no o 

luy.z 


po p 1 n U1 n A 
cy — C 1 U — H 1 UA 


1 no 1 

iuy.1 


CI P/1 \S5 A A 

a3 — C4 H4A 


1 nn o 

luy.z 


c/; pin TjinA 
ao — C 1 U — H 1 UA 


1 nn 1 

iuy.1 


PI P/1 I I ,-1 O 

C3 — C4 H4B 


1 nn 1 

luy.z 


pn pin Tjinr> 
cy — C 1 U — H 1 UB 


1 nn 1 

iuy.1 


CT P/1 TT/1 T} 

S3 — C4 — H4B 


1 nn o 

iuy.2 


c/; pin in nn 

So — C 1 0 — H 1 0B 


1 nn 1 

109. 1 


TJ/1 A P/1 I I ,-1 13 

H4A — C4 — H4B 


1 n"7 n 

iu /.y 


TjinA pin tji no 
H 1 OA — C 1 0 — H 1 OB 


1 n"7 o 
10/. 0 


p/; pc el 
Co — CD — a3 


1 1 a n 
114.y (2) 


pn pii c/: 

Clz — Cll — ao 


11D.0 (2) 


p/; PC TJC A 

Co — CD — HDA 


1 no c 
108. D 


PIT P11 TJ11A 

Clz — Cll — HI 1A 


1 no c 
lOo.D 


c 1 pc TJC A 

a3 — CD — HDA 


1 no c 
108. D 


C/; P11 TJ11A 

ao — Cll — HI 1 A 


1 no c 
lOo.D 


p/; pc 1 1 c 13 
Co — CD — HDB 


1 no c 
108. D 


pn P11 TJ11T3 

Clz — Cll — HI IB 


1 no c 
lOo.D 


CI PC I I C 13 

a3 — CD — HDB 


1 no £ 
108. D 


C/; P11 TJ11T3 

ao — Cll — HI IB 


1 no c 
lOo.D 


TJC A PC UCT3 

HDA — CD — HDB 


1 n~7 £ 
10/. D 


TJ11A P11 TJ11T3 

HI 1 A — Cll — HI IB 


1 n~7 c 
10/. D 


C5— C6— SI 


111.6 (2) 


Cll— C12— S4 


112.6 (2) 


C5— C6— H6A 


ioy.3 


Cll— C12— H12A 


109.1 


SI— C6— H6A 


109.3 


S4— CI 2— H12A 


109.1 


C5— C6— H6B 


109.3 


Cll— C12— H12B 


109.1 


SI— C6— H6B 


109.3 


S4— CI 2— H12B 


109.1 


H6A— C6— H6B 


108.0 


H12A— CI 2— H12B 


107.8 



Symmetry codes: (i) -x+2, -y+1, -z+1; (ii) -x+1, -y+l, -z+2. 
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